UNCLASSIFIED

AD NUMBER

AD863247

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; Sep 1969.
Other requests shall be referred to Air
Force Materials Lab, Wright-Patterson AFB
OH 45433.

AUTHORITY

ASO USAF Ctr, 27 Jan 1972.

THIS PAGE IS UNCLASSIFIED




ESTABLISH MANUFECTURING METHODS FOK CLOSED DIE

ABWMINUM FORGINGS WITﬁ IM?ROVLD STRESS CORROSION RESISTANCE

4

?fféhatlé§ A.lMorris _
R L SR - Authors
Anthony.G. Cerrone

¥

U

“ . Wyman-Gordon

| TECHNICAL REPORT AFML-TR~69-264

Lo+ L . September 1969

This document is subject to special export controls and
caclt transmittal to foreign governments or foreigyn nationals
may be wmade only with prior approval of the Manufacturing
Techncloqy Division, MAT, Air Force Materials Laboratory,
Wright-Patterson AFB, Chio 45433,

Best Available Copy




4% '?:”“*'r
; ,um l; ? “mﬁ
«}#ﬂ 3" { )la{f

'l: Hb’ui @%

gmpm&ﬁq§@"

A ity + oy

%ﬁﬁuﬁ ,;

L?l

nfaét

iis, 9 e, e

uﬁw'

vide ‘;vs not to be,

‘ln”any manner,lxcensmwg

””ﬁmon.
or‘

Imanykpatente

'.W‘

Best ’AVai\ab\é‘ Copy

N

Copie% of this report shﬁ“lo not be returned unles:
return is reguired by security consi contraczual
obligations, or notice on a speci




: ESTABLISH MANUFACTURING METHODS FOR CLOSED DIE
ALUMINUM FORGINGS WITH IMPROVED STRESS CORROSION RESISTANCE

: Charles A. Morris
P - Authors
Anthony G. Cerrone

This document is subject To special export controls and

each transmittal to foreign governments or foreign nationals

may be made only with prior approval of the Manufacturing

Technology Division, MAT, Air Force Materials Laboratory, s
; Wright-Patterson AFB, Ohio 45433.




FOREWORD

This Final Technical Report covers the work performed under
Contract AF-33(515)67-C-1040 f£rom 1 October 1966 to. 1 September 1969,
It is published for information only and does ot necessarlly repre-
sent the recommendstions, conclusions or approval of the Air Force.

This contract with Wyman-Gordon Company, Worcester, Magsachusetts,
wes initiated under Manufacturing Methcds Project No. 9-126 "Establish-
ment of Closed Die Aluminum Forging Process for Improved Stress Corrosion
Properties”. It was accomplished under the techmical direction of
Mr. George W. Trickett (MATB) of The Manufacturing Technology Division,
Air Force Materials Laboratory, Wright-Patterson Air Force Base, Ohio.

Mr. Charles Morris was Project Engineer and Mr. Anthony G. Cerrone
was Experimental Project Engineer, responsible for mechanical design.

Manufacturing Methods program, the primary objective of which is to
implement, on a timely besis, manufacturing processes, technigues, and
equipment to use in economicael production of USAF materials and
components. This program encompasses the following technical areas:

ﬁ This projJect hag been accomplished as part of the Air Force

| Metallurgy - Rolling, Forging, Extruding, Casting, Drawing, Powder
Metallurgy, Composites.

Chemical ~« Propellants, Coatings, Ceramics, Graphites,
Nonmetallics.

Electronic - Solid State, Materials & Speciasl Techaiques,
H Thermionics.

Fabrication - Forming, Materisl Removal, Joining, Components

Suggestions coocerning additional Manufacturing Methods required
on this or other subjecta will be appreciated.
N

This technical report has been reviewed and is approved.
* (-.0( )’V/. é&-\/\m
+ MJIG , Acting Chief

) Materials Processing Braanch
Manufacturing Technology Divisicn
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ABSTRACT

To evaluate SCC susceptibility as it relates to

forging processing, a 7079 aluminum alloy landing gear

outer cylinder was produced using five different forging

techniques. Three of these techniques Fformed the part
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with a solid barrel using differing preliminary open die

. et

working. The other two technigues involved forward and
backward extrusion.

Standard uniaxial-tensile testing revealed no

significant difference between the various forging tech-

niques. However, alternate immersion stress corrosion
testing in 3 1/2% NaCl indicated differences in stress
corrosion cracking susceptibility. The two extruded
forgings (forward and back) were significantly more
resistant to SCC. The forward extruded parts were some-
what more resistant to SCC than the back extruded parts,

but were also substantially more expensive to produce.
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INTRODUCTION

Since the introduction of high strength aluminum
zinc magnesium alloy forgings, stress corrosion cracking has
been a serious problem. The somewhat unpredictable nature of
this cracking (many different and sometimes seemingly innccuous
materials can sensitize these alloys) and the low average stress
levels at which this cracking can progress, make it particularly
difficult to design for this type of failure.

The cracking generally progresses along an intergran-

ular path and follows the grain flow. Because of the elongated

grain structure in these alloys, failure by this method is rare
when the load is parallel to the grain flow due to the long inter-
granular path for failure. However, when service loads are in the
short transverse direction (perpendicular to the grain flow),
failure by stress corrosion cracking is a very real possibility
and, due to the relatively short straight interc¢ranular path,
these failures can be fairly rapid.

Susceptibility to stress corrosion cracking can often
be reduced by overaging these alloys. This method is quite
successful and is currently being used guite generally. Never-
theless, one must pay a penalty in reduced strength and structural
efficiency when this is done.

Another approach to this problem is to design the

forging so that there is no or a minimal amount of grain

;,
1
;
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3 runout - i.e., grain flow should follow as nearly as possible
the finish machine part outline. This then produces a long-
- itudinal grain flow all over the part surface with a long
intergranular crack path.
Unfortunately, it is almost impossiule except in
¢ the simplest of configurations to produce a forging without
any end grain. Furthermore, subsequent machining of the forging
generally exposes even more end grain. Thus, the problem becomes
one of controlling grain flow so that end grain is exposecd only
in areas which are not critically stressed in service.
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SUMMARY

1. L&nding éear outer cylinder forgings Qete produced
with improved resistance to stress corrosion cracking
by changes in the forging practice and metal movement.
In order of increasing resistance to stress corrosion

cracking at the barrel bore surface, the methods usec

were:

a. Conventional forge, regular coy and upset cog
(these three methods had about the same resistance
to scC).

b. Back extrusion

¢. Forward extrusion.

2. Although the forward extrusion technique produced parts
which were somewhat more resistant to SCC than the back
extrusion method, forgings produced in this manner were
more expensive to manufacture than the back extrusion

by a factor of 2.7 due to the complex machining on the

exterior of the part.

3. The tensile properties all easily exceeded the spec-

ification minimum for 7079-T6 alloy.
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RECOMMENDATIONS
9 .
l. Aluminum landing gear forgings should be produced with
a hollow barrel section in a manner such that there
o will be some circumferential grain flow in the bharrel
wall.
2. Further work should be done to fully develop the back
extrusion method using progressively smaller punch
diameters.
3. It would be helpful if the landing strut designers
could keep the barrel section as free of protuberances
as possible to simplify the forging sequence.
»
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BACKGROUND DISCUSSION

The selection of the forming process is essentially
a selection of the best compromise among several opposing factors.
The desirable compromise is to select a forming method which would
yield a part having superior stress corrosion properties to the
other methods attempted. Ideally, this method would provide the
highest stress corrosion resistance in those areas which are sub-
jected to the highest stress, and would prove to be economically
competitive with the original forming method. Although economics
is of importance to the method selected, the program is specific-
ally oriented towards improved grain flow characteristics in

aluminum aircraft landing gear and in the final analysis may

not prove to be the most inexpensive approach.

PART SELECTION

The part selected for this program was a landing gear
outer cylinder. This selection was based upon the following

considerations:

(1) Landing gear cylinders are particularly susceptible to
stress corrosion cracking since they are pressurized and
in tension throughout the barrel portion of the forging,
residual stresses from heat treatment are often high in
this non-symmetric hollow cylinder, and they are inter-

mittently exposed to corrosion environments.
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(2) The finish dies were available since production on this
part has been discontinued. This resulted in a substantial

savings in die cost.

. (3) The part size and weight (175 lbs.) met the requirements

of the program.

APPROACH TO THE PROBLEM

As mentioned previously, it is really not possible
to completely eliminate end grain, particularly in a complex
forging such as a landing gear outer cylinder. Thus, the pro-
blem becomes one of reducing or eliminating end grain in crit-
ically stessed areas by careful control of such factors as stock

grain flow, input weight, and open die working prior to closed

. die forging.

Two general types of grain runout have been found

\ in aluminum alloy landing gear forgings. One type was present
in the cylindrical barrel sections and resulted from stock
conversion practices.

i The other type of grain runout was caused by flash-

. line and internal grain flow associated with the part con-
figuration and closed die forging. The latter is created by
forging operations occurtng after ingot breakdown and is bas-
ically the subject of this program. It is felt that the first
source of end grain - i.e.,, ingot conversion, can be eliminated

by careful control of the ingot breakdown practice.
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Three different variations in forging techniques
were selected which it was felt would significantly élter
the grain flow pattern from the original production technique.
Two of these techniques involved cogging and full-
ering processes followed by finish forging in closed dies.

These differ from the production technigue in two respects.

(1) In the original production' part volume distribution
along the length was achieved by upsetting the stock.
The new techniques achieve this distribution by starting

with a larger diameter stock and working it down.

(2) The production finish forge operation involved rather
substantial metal movement and flashing of excess metal.
The finish forging operations of the special technigues
were more like coining where metél flow and flash were

held to a bare minimum.

The third technigue involved extrusion of a thick
walled hollow cylinder and then machining the final part from
it.

The sketches in Figures 1 through 4 outline the
forging operations. The planned operational sequences were

as follows.

MATERIAL SELECTION & EVALUATION

The stock selected for use in this program was

Alcoa 19" round, 7079 alloy, cast lot D850, ingots 33 and 34.

7 Best Available Copy
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This cast lot had the following % weight. composition as

determined by spectro chemical analysis at Wyman-Gordon:

Ingot # Cu Mn Mg © Fe S Ccr T Zn Al

2 .63 .22 3.24 .15 .10 .13 .032 4.41 Balance
10 - .66 .23 3,28 .17 ,10 .13 .038 4.25 Balance
134 .62 .20 3.32 .15 .10 .14 .054 4.45 Balance
58 .63 .21 3.32 ,l6 .10 .13 .033 4.14 Balance

All of this material was used prior to completion
of the work in Phase II, Hence, another lot of Alcoa 19" round
7079 alloy,. cast lot A662, ingot 39, was utilized to complete

this program. Its composition was as follows:

.56 .17 3.13 .13 .085 .16 .035 3.90 Balance

CONVENTIONAL FORGING METHOD

The starting billet for the conventional method
was 7%" round, 90.00" long. The billet was fullered at its
center to a 4%" octagon, 9%" long. The stock was later cut

in half forming two single mults as shown in (3) Figure 1.
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In the next operation the 7.50" diameter end upset for
approximately 3.30" of its length, forming the arms at

the large end of the forging shown in (4) Figure 1. The
piece, after a caustic etch, visual inspection and con-
ditioning, was placed in the number two upset die and upset
with a capped punch forming the bulge shown in (5) Figure 1.
The final operation prior to forging in the finish die con-
sisted of a flattening operation in which the piece was
flattened to the thickness shown in (6) Figure 1 in a plane
parallei to the extruded arms. This operation allowed the

stock to be located more readily in the finish die.

T L e it e e bl Ta B e N . evome s s

J\:' LTy

Loz v e bl s et e sn Bk RS0,

PRI TP LA T

o b gt A ki I,




PROCESSING

METHOD "A" - CONVEZNTIONAL FORGING

The starting billet for the conventional method
was 7%" round, 40" long. The stock was heated in the #660

Hagan aluminum furnace at 750° for four (4) hours. This is

the normal forging temperature for most open die work allowing
for some heat build up during the draw coperation. The pro-
duction pieces were cut into single muits prior to the first
draw operation. The Lillets were then drawn to apéroximately
4%" octagon on one end for a distance of 4 5/8" {(Figure 5).

The 7%" round was then upset for approximately
3.3" of its length forming the arms at the¢ large end of the
forging as shown in Figure 6. These pieces, after conditioning
and etching, were then ready for the number 2 upset.

The number 2 upset increased the 7%" round to approx-
imately 8.0" round for a distance of 6.0" along the barrel at
a distance of 19.5" from the arm end of the forging. This
extra material is necessary to satisfy the added volume required
to fill the boss on the finish part (Figure 7).

The final operation prior to forging in the finish
die consisted of flattening the piece along the entire barrel
length. This allowed the stock to be located more readily

in the finish die and may be seen in Figure 8.
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The finish forging operation was completed on the

18,000 ton hydraulic press using a pressing force of 10,000

tons and a pressing speed of 3 feet per minute. Originally
EE this operation had been run in the 7,700 ton press. However,
because of the plan view area of the part (approximately 306
square inches) and the tonnage available on the 7,700 ton
press, the maximum force which was obtainable was only 55,500
psi. In view of this, moving the part to the 18,000 ton unit
and using a 10,000 ton pressure gave us a pressing force of
65,000 psi, a much more realistic pressure for a part of this
size and sophistication.

The actual finishing operation was made in two passes.
The piece was loaded in the die, sprayed with Wynns Aluminum
Forging Compound and pressed with 4,000 tons. The piece was

then lifted out of the die, sprayed both top and bottom with

: Wynns lubricant, and reforged at 10,000 tons with a 5 second
é ' dwell. Forge shop data sheets on the previously described
operations may be seen in Tables I through III and a typical

!: finished forged part may be seen in Figure 9.

REGULAR COGGING METHOD

Starting billet for the regular cogging method
. was 10.00" round, 22.52" long. See (1) Figure 2. Chalk
. marks shown in (2) Figure 2 indicate the start of the 6.75
and 6.50 diameters. Figure 2 (3) shows the piece after the

first rolling operation had been completed. 1In the final
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operation, one end was reduced to a 4.25" diameter - See (4)
Figure 2. The piece was then cropped to the 46.90" dimension

to remove surplus material, caustic etched, visually inspected
and conditioned prior to upsetting.

in the #3 upset die forming the arms shown in (5) Figure 2.

cogged and finish forge diameters were approximately the same.

"B" - REGULAR COGGING

j METHOD
' Starting billet for the regular cogging method was
10.00" round, 22.52" long. The pieces were rolled in standard

rolling dies breaking down the 10.00" round to 6.75", 6.50" and

4.25" round respectively. This part may be seen.in Figure 10.

During the next operation all excessive material was machined
from the central boss, leaving only the material necessary to
i form the boss in the finish die operation. The parts were then
hand ground blending all sharp corners and removing all machine
marks (Figure 11).

The number 3 upset was a controlled upset operation
which gathered stock to form the arms at the large ends of

the forgings; the pieces were run on the 7,700 ton press using

the 2,000 ton side cylinder. One of these parts is shown after
: upsetting in Figure 12.
j These pieces were subsequently run in the finish die

using the following forging procedure: Pieces were loaded in

— Y

the R-S aluminum furnace at 820°F for four hours minimum heating

3

1

! g
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time. The pieces were then placed in the finish die, sprayed
top and bottom, and forged to a 1/2" open die setting. The

pieces were then remcred to the process insvection area where
they were cleaned and ground to remove stock in the boss area

of the part to prevent the formaticn of a lap.

These pieces were then etched and returned to the
forge shop and forged in the same manner as described in
i Method "A". Forge shop data sheets may be seen in Tables
é IV & V. Photographs of the finished foigcd parts may be seen
in Figure 13,
: After finish forging, the pieces were set up on the
4.00" G & L and machined to the process sheet shown in Table
. VI. These pieces were then moved to a lathe where a steady
rest was turned as shown in Table VII. After establishing

the center hole and steady rest, the pleces were sent to a

; hollow bore lathe for nollow borirg the 5.0) diameter as

1 ‘ * shown in Table VIII. The final machining cweration was per-
formed on a 4.00" G & L. Here the .75" and the 2.25" diameters
shown in Table IV were established completing the machining

operations.

° QFFSET COGGING METHOD
’ The stock size used for this method was the same
’ as in the regular ccgging methnod - i.e., 10" round x 22.52" long.

The first fcrging operation was a drawinag operatien through a

"fish belly" or eliptical drawing die to prcduce the shaze

13
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shown in (2) Figure 3. The stock was then rotated 90%nd

passed through these dies a second time. However, this time

the dies were held partway open to produce a part as shown :

in (3) Pigure 3.

The offset drawing operation was then performed

LLTEITIRNL o

in two steps using special rolling dies as shown in (4) and
(5) Figure 3, and in the isometric sketch 3a. The barrel
sections on either side of the central boss were reduced to

the 6.75" and 6.50" diameters as shown in (6) Figure 3.

Following this operation, the small end was reduced in round

cogging dies - (7) Figure 3. The final stock distribution
involved the upsetting of the arms on the large end of the

forging - {7) Figure 3.

SO SR P -CH T JUIUUHIS SO = - L

METHOD "C" - OFFSET COGGING

Stock size was 10.00" round, 22.52" long. Using

" ,-_,"uy“mwumu\Aku:ﬁw..,.w RPCTSPRTRIGURTISY 7 * "X VT W PRI eR U D R R

Lot 3
-

the 7.00" "Fish Belly" or eliptical drawing dies, the stock %
é was drawn along its entire langth forming an eliptical shape i.
; approximately 7.25" x 10.87". The pieces were then worked ;
( through the offset cogging die which left some material un- %

distributed on one side of the rolled piece. The parts were

i, then fully reworked in standard 6.75", 6.50" and 4.25" round 7

rolling dies forming the part shown in Figure 14. Figure 15

D
v

shows the number 3 upset after it has been cleaned up and

} conditioned and is now ready for the finish die operation,

14
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The finish forge operation was consistant with
Method "B" and particular care was taken in maintaining
uniformity between the two runs. Handling, lubrication,
and forging pressure was consistant in all cases. The
pieces from this production run may be seen in Figure 16.

R Forge shop data may be seen in Tables X and XI.. ;é

EXTRUSION METHOD . -4

Here the stock size and weight were somewhat

greater than the previous technique. The starting billet

was 15.00" round an d 19.00" long. The first forge operation
was the pot operation. This was accomplished in a conventional
. trap pot die which pierced the billet as well as formed the

nose section in one operation - (2) Figure 4.

The final forging was an extrusion operation in
which the potted piece was placed in an cxtrusion chamber
and forward extruded using 3 mandrel to form the inside
diameter - (3) Figure 4. The extruded part was then placed

. in a fixture, mountaed on a Keller and the finish design -

. (4) Figure 4, was machined from the extruded shape.




METHOD “D" EXTRUSION

' Starting stock size was 15.00" round, 19.00" long.

The pieces were machined to the dimensions shown in Figure 17.
The billets were machined prior to the pot operation to insure
proper location of the start billet in the die.

The machined blanks were subsequently forged in the
18,000 ton hydraulic press using a maximum forge pressure of
7,000 tons and a pressing speed of 1.5 feet per minute. These
finish potted pieces may be seen in Figure 18.

In order to assure that the piece did not stick to

the mandrel during the pot operation, the following lubrication

procedure was used: (1) The piece was sprayed with Richards

Forging Compound and the mandrel brought in contact with the
piece until a punch penetration of 1/4 of it s length had been
achieved. (2) The mandrel was withdrawn and reoiled. (3)
The mandrel was again brought in contact with the piece until
mandrel penetrations of 3/8, 1/2, 3/4 and full mandrel pene-
tration had been achieved, always withdrawing and reoiling
between steps. By following this procedure, we were able to
form the potted shape in one operation without fear of galling
the mandrel or having the mandrel fail during withdrawal.
After a caustic etch and visual inspection, the

’ . - 2 s 3 3
potted plieces were conditioned in preparation for the extrusion

operation,

The pieces were extruded on the 18,000 ton hydraulic

forging press using a forge pressure of 4,000 tons and a pressing

16
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speed of 1.5 feet per minute. Forge shop data may be seen
in Table XII1. Figure 19 is a photograph of a typical extruded
part.

These pieces, after extrusion, were sent to the
layout department where center lines were established. After
this operation, the pieces were sent to the machine shop. 1In
the first machining operation, the 2.75" diameter and .75"
diameter holes were drilled on a 4.00" G & D horizontal boring
mill (See Machining Process Sheet - Table XIIl). After com=-
pletion of the boring operation, the pieces were placed on a
tracer lathe and machined to the dimensions shown in Machining
Process Sheet - Table XIV (Figure 20 & 21). The pieces were
then fixture mounted and set on the Keller ready for machining
(Figure 22)., After rotating the piece in the fixture and
establishing a new tracer combination, the pieces were machined
on Side #2 using the Machining Process Sheet in Table XVI and
Figure 24.

The finished machined piece may be seen in Figures
25 & 26 and is typical of all pieces made using this technique.

We were able to form the potted shape in one operation
without fear of galling the mandrel or having the mandrel fail
during withdrawal.

After a caustic etch and visual inspection, the
potted pieces were conditioned in preparation for the extrusion

operation.

17

T e b Ak BRIl SR T




Y erist s amuiannd

LRSI vt i syt St o8

HEAT TREATMENT

The forgings were heat treated intwo different
lots. The first lot consisted of the four tryout pieces.
The second lot consisted of the 15 production parts. All
of the forgings, except for one sach of Methods "A, B, and
¢" (8/N's 5, 8 & 12), were fully machined prior to solution
treatment, Forgings S/N's 5, 8 and 12 were machined on the
outside to the print configuration, but were not bored.
This was done so0 that when these parts were cut for grain
flow examination, the macrostructures could be checked
throughout the entire cross section. Forging S/N 16, the
other part used for macroexamination, already had the major
portion of the bore formed by the extrusion operation. The
small hole was drilled in this part according to the machining
print to prevent the part from floating during gquenching.

The same heat treating practice was used on both
tryouts and the production run.

The heat treating furnaces were pusher type fur-
naces fired by natural gas, but using radiant tube heating
so that the combustion gases did not come in contact with
the forgings (See Figure 27). The heat is transferred from
the radiant tubes to the furnace chamber by circulating air.

The solution treating temperature was 830°F - the
parts were in the furnace for 12 hours (8 hrs. at temperature)
and were then rapidly quenched into agitated 92°F water.
Figure 28 shows the forgings locaded on racks ready for the

solution treatment.
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After observing a five day dalay, the forgings

were aged at 240'? for a total of 51 hours in the furnace.

19
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Evaluati £ Forgi

GRAIN FLOW EXAMINATION

Grain flow sections were cut from forgings produced
by Methods A, B, C and D. These forgings (S/N's 5, 8, 12 and
16) were sectioned by bandsawing as shown in Figure 29. The
cross section grain flows were faced on a lathe and etched in
hot 10% NaOH. They were then rinsed in hot water, dipped in
20% HNO; to remove the etching residue, again rinsed in hot
water, and finally dried.

The etched cross sections were photographed and are
shown in Figures 30 thru 51

These same pieces were cut alon3 the parting plane
and one half of each was machined on a shaper and then etched
as above. Photographic prints were made of each section and
assembled to produce the full parting plane grain flows which
were re-photographed. See Figures 62, 63, 64 and G5.

After completion of the parting plane grain flow,
the sections were again cut in half longitudinally and
machined to produce a section perpendicular to the parting
plane. These sections were again etched, photographed and
reassembled to produce the grain flows displayed in Figures

66 thru 69.
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Comparing the parting plane grain flow sections
of forgings produced by Methods A, B and C respectively,
there is in general a great similarity in the appearance.

The trunnion arms in the Method "A" forging have a some-~
what more desirable structure in that the grain flow does
not show the abrupt changes in direction seen in the Method
B and C forgings. This may be the result of the upset on
the Method "A" forging occurring at an earlier stage of the
stock shaping operation. The grain flow in the extruded
forging trunnion arms is not as pronounced or directional
as in the other three, but it is still satisfactory. The
barrel grain flow sections perpendicular to thc parting
plane (Figures %6-63) appear very similar in all four forging
methods.,

In general, the barrel areas of the first 3 fecrging
methods appear very similar on the parting plane and also per-
pendicular to the parting plane, if one does not consider the
central boss. The barrel locations of the extruded method show
a complete absence of the somewhat wavy grain flow noted on
parts made by Methods A, B and C.

In the parting plane grain flow just below the cen-
tral boss area, some change in grain direction is evident in
Methods A, B and C. In the Method "B" forging (S.0. 9131)

the areas of grain runout due to machining of the central

21

L
T

tthakho ol

i K S i

ei R
{1

RTCTV N P UNETON PR




T

bump can be seen by close examination. However, this grain

runout was not as severe as anticipated, probably because of

the "ironing effect" from the finish die operation. As expected,

there was no change in grain orientation on the extruded piece.

From the general grain flow pattern under the central
boss, it can be seen that the two different cogging practices
were successful in reducing the amount of end grain in the
barrel bore and the severity of the metal flow into the boss.
Unfortunately, another problem was introduced which resulted
in a more severe grain flow disturbance than in Method "A".

On both sides of the central boss (Figures %7 & 68) a severe
grain flow eddy can be observed. This disturbance resulted
from an improper stock volume and/or distribution in the boss
area. Unfortunately, it would be difficult to control this
distribution any more accurately than was done during open
die working. Thus, if Methods B or C were selected for further
develorment, an additional die set would be necessary to part-
ially form the central boss prior to the final closed die
operation.

The cross sectional grain flows in the central boss
area (Figures 42 thru 45) reveal some differences. The flash
line flow in Method "A" (Figure 42) is the most severe of the
3 forgings while Method "C" is intermediate in severity and
Method "B" has the least severe flash line grain runout.

Method "D" (Figure 45) had an ideal circumferential flow at

the bore and there was no Zlash line. There was very little
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evidence of end grain on the Method "B" forging on the side
opposite the boss (Figure 43). The flash line comments
generally apply to the other cross sectional grain flows

in the forging barrels. Figure 70 shows higher magnification
photographs (X4) of the flash line in forgings from Methods
A, B and C at test ring location RC1l3. Again, the forgings,
in order from most severe to least severe flash line runout,
were Method "A", Method "C", and Method "B". It appears that
the reqular cogging process allowed the closest control of

stock input volume in the straight barrel areas.

STRESS CORROSION TESTING

The stress corrosion tests were performed at the
Kaiser Alunimum and Chemical Corporation Research Laboratories
in Spokane, Washington.

Four (4) fully treated forgings, S/N's 7, 10, 14
and 18, were shipped to Kaiser where the test coupons and
rings were cut and machined as shown in Figure 71. For the
ring tests, material was machined from both the 0.D. and I.D.
of the specimen to simulate the finish machined part (Figure
72).

The deflections needed to stress the C-rings to the
reguired stress levels were determined by strain gage measure-

ments. Three (3) 0.5" wide and two (2) 0.75" wide C-rings
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representing the maximum, minimum and average C-ring diameters
were selected for strain gage study. Patterns were made of the
inside diameter of each C-ring and an arc of approximately the
same length marked on the C-rings.

An etched foil strain gage (SR4 FAP-25-13-5-13) was
cemented to the center of the inside of the bore on each of
the rings selected for study (Figure 73) . Light punch marks
were made 0.01" away from the bore surface on the edge of the
C-rings in line with the turn=-buckle loading points. Strain
gage measurements were made as the specimen was loaded using
a stainless steel turn-buckle (Figure 74 . A pair of dividers
and a steel scale were used to measure the distance between

* 0.005".

reference points to
The results of the C-ring study indicated that the
stress on the C-rings varied from 2570 1lbs. to 2650 lbs./.01"
increase in ring chord length. The C-rings were deflected
0.175" for a stress of 45,000 psi, an error of -0% to +3%.
The templates from the C-ring strain gage samples
were used to mark the location of the turn-buckles on the
stress corrosion C-rings. The reference points on the stress
corrosion C-rings were located as on the strain gage samples.
Figure 75 illustrates the loading frame for the
stress corrosion tensile round specimens. An Instron electrical
extensometer, Model G-51-16, connected to a Baldwin Type M

Strain Indicator, was used to stress these tests. Prior to

24
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testing, the entire frame and a portion of the specimen was

coated with a paraffin - 10% polyethylene mixture. The stress
corrosicn testing was the standard alternate immersion test E
in 3-1/2% NaCl. The immersion was accomplished by loading 5
the specimens in plastic trays and then pumping the corrodent “j
into the trays. After 10 minutes immersion, the trays were
drained and the specimens were allowed to dry in air for S0 %
minutes. The cycle was then repeated.

Prior to starting the test, all of the test spec-
imens were cleaned by etching for 30 seconds in 5% 180" F NaOH 3

followed by rinsing in 50% HNO3 and distilled water.

The total duration of the test was 30 days. At

least once every day during the testing, all of the specimens

were examined using a 10X binocular microscope. The time to 13
failure reported was the time in days when the first cracking

was observed. The relative humidity of the room air was 40%,

. % the room temperature 80°F and the solution temperature 75°F.

The stress corrosion test results are listed in Tables XVII

and XVIIT.

FIRST TEST GROUP - TABLE I
Tests Initiated August 28, 1967 & Terminated Sept. 27, 1967

v a1 .-

L All of the C-rings tested at 15,000 psi ran for

oy
' 30 days with no failures. Thus, the 30 day threshold for
stress corrosion cracking on these forgings appears tc be

above 15,000 psi.
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The C-rings loaded at 30,000 psi all had failures
in forgings produced by Methods A, B and C. The ring lives
averaged somewhat longer in the specimens which were cut
90  from the parting plane as compared with the C-rings cut
through the parting plane. None of the ring tests from the
extruded forging failed.

At 45 ksi the same trends as in the 30,000 psi
tests were present and as might be expected, with shorter
lives. Only one cf +he extrusion C-ring tests failed and
this after 26 days. This test (39R) was located adjacent
to the end of the extruded bore. See Figure 7] for the test
location and Figure 59 for the grain flow. The structure of

the material at the point of origin of this test failure is

shown in Figure 76 As expected, the cracking is intergranular.

The grains in the area of the crack were nearly equiaxed with

little directionality.

SECOND TEST GROUP - TABLE II
Tests Initiated Sept. 13 and Termin &ed Oct. 13, 1967

The test conditions of Group II were identical
to those of the first group. Tensile rounds as well as
C-ring tests were included. All of the C-ring tests were
loaded at 30,000 psi. Test rings 21RA from each forging
acted as controls since they came from a straight barrel

section 90" from the parting plane. The results of these
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controls were not significantly different from those listed

in Table I. The other ring tests of the second group came

from locations around the central boss. Again, all of the
extrusion ring tests ran 30 days without failure.

Ring tests 23RA, 24RA and 25RA were all cut
directly below the central boss. See Figure7l . Ring 23RA

was directly below the single lug while rings 24RA and 25RA

were beneath the double lugs. The 23RA failures were in the

center of the ring section as expected, sirnce this is where
the grain ran up into the single lug. Rings 24RA and 25RA

failed away from the center directly beneath one of the

double lugs.

The reason for the inclusion of Methods B & C
(regular cogging and offset cogging) into this program

was to reduce the amount of end grain at the bore under-

neath those lugs. However, even though the grain flow

directly below the lugs (Figures 66, 67 and 68 had a
smaller component away from the bore axis in Methcds B

& C when compared with Method A, the test results of

Method A (conventional forging practice) were generally

better than those of Methods B & C.
Specimens for metallographic examination were
cut from test rings 23RA and 24RA of Methods A, B and C

to try to determine the reason for the reduced properties.

These samples are shown in Figures 77 and 78,
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Test rings from Location 26, which was 180° from
the central lug, were examined from all four methods. It had
been anticipated that Methed "B" should be the worst in this
area since prior to finish forging, the stock gathered midway
along the barrel had been machined away exposing end grain.
However, this test from Method "B" ran 30 days without failure
while Methods A & C both failed. Figure 79 shows the structure
of the four (4) 26RC test rings. The microstructures did not
give any clue as to the reason for the different behaviors
in A, B & C.

The test data for the stress corrosion round speci-
mens reveals some diffe:ences for specific locations. The
locations in the trunnion arms (Test 40, 41 & 42) all appear
to be equivalent as none failed in the 30 day test. Location
43, the transition area from the barrel into the arms, failed
at 45,000 psi in all except the extrusion method. This test
location was at the flash line and the piece which formed the
largest amount of flash (Method A) failed in the shortest time.

The tést results of the extruded forging in Locations
45, 46, 48 and 49 were surprisingly good since these tests had
a straight transverse flow throughout the test coupons. Tests
50and 51 appear to be the only locations tested where the
stress corrosion results of the extruded forging were inferior
to “he parts produced by the other three methods. This small
end of the forging received little or no work during the
extrusion operation and the grain size was rather coarse

(Figure 33).
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EVALUATION OF TENSILE RESULTS

The individual tenSile resulte from the 4 different
forgings representing Methods A, B, C and D were reported in
the Third Interim Report without comment. Since that time,
average and standard deviations have been computed for straight
barrel test locations. These results are listed in Table III.

All of the tensile values exceeded the minimum re-
quirements of AMS4138. The highest transverse strengths were
found, as might be anticipated, in the forging produced by
extrusion, and appear to be a direct result sf the circum-
ferential grain flow. The average long and short transverse
strengths were not significantly different within any one
forging. However, in the conventionally forged part (Method A),
the average long transverse elongation was significantly higher
than the average short transverse elongation. This is undoubtedly
the result of the strong flash line grain flow in the conventional

forging practice.
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CONCLUSIONS - PHASE 1

Except for the small diameter end (top) of the forging,

the extruded piece was equal to or superior to the

k)
%
5
]
E4
3
i
H

forgings produced by three other practices in resistance

to stress corrosion cracking. This is based upon the

L L
Mo

standard alternate immersion test in 3%% NacCl.

Although the radial component of the grain flow beneath

the central boss was greatly reduced by the regular and

A R, cabla s il otk Ky

offset cogging methods when compared with the conventional

forging practice, there was no apparent improvement in

v 80t

resistance to stress corrosion cracking.

1 radrabide A W

3. Extrusion over a mandrel not only produced a straight,
longitudinal grain flow in the parts, but is also pro-

duced a circumferential grain flow near the bore surface

TR ST N
-

of the forging. This circumferential flow appears to

have substantially improved the resistance of the bore

Sy o 1t

to stress corrosion cracking.

All of the tensile test results exceeded the minimums

]
-
R R

L of AMS4138.

L Ly

30

gﬁtﬁEV“"“ ' s Ve v i . e . .




PHASE 11

Phase Il was to consist of a small production run
and subsequent analysis to determine the reproducibility of
1 the optimum technigue selected. However, because of the pro-

hibitively high cost of manufacturing parts using the forward

Pl extrusion technigue, coupled with the apparently limited appli-
cation of such a process, an alternate approach of back extruding
' and upsetting was recommended for Phase II. This technique com-
bines the advantages of both the closed die forging and the

extrusion approaches.

st e e e
ey
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APPROACH

The processing cycle used for the back extrusion
is illustrated in Figures ¥¢, dl1, 8< and 83, 1In detail, this
processing cycle starts with 6 3/4" rd. x 35.08" long forged
billet. 1Initial breakdown of this billet is from 19" rd. 7079
aluminum ingot rolled to 14 3/8" rd., 10" rd., 8" rd., and
finally to 6 3/4" rd. 1In Step 1 (Figure 80), 4.51" of the
6 3/4" rd. is upset in the No. 3 upset die. This horizontal
controlled upset is used to gather stock for the two arms.
Following this operation, the part is placed in the finish
die for . > back extrude and upset operation. This operation
is coupled with a forging operation which forms the arms at
the head end of the forging - Step 2 (Figure 81). The die
used for this operation is the S$.0. 9129 finish die which
was used in Phase 1 of the Stress Corrosion Program. This
die was modified by machining the 6 3/4" rd. barrel diameter
the entire length of the barrel and extending it to the die
edge. This removes the nose portion of the forging and permits
entry of the mandrel for the extrusion process. The actua®
forming technique is one of piercing the barrel allowing the
material to flow back over the piercing mandrel fo~. ng a
tube - Step 3 (Figure 82), At some point, approximately
1.16" short of the full stroke, the material hits the loose
guide bushing located at the butt end of the mandrel. This
forces the remaining material to be upset into the boss cavity

forming the finish part shown in Step 4 (Figure g%).
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FIRST DEVELOPMENT RUN
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Initial stock conversion was made using the same

material {(cast lot D850319" rd. 7079) as was used in Phase

It

I. The aluminum ingot was rolled from 19" rd. to 14 3/8" rd.,

then to 8" rd. and finally to & 3/4" rd. This conversion

Wy

. process was consistent with the previous conversion practice

| i used in Phase I.

Four single mults, 6 3/4" rd. x 35.08" long, were
cut and conditioned for the No. 1 upset operation.

The No. 1 upset was the controlled upset operation
and gathered stock to form the arms at the large end of the
forgings. The upset was run on the 7,700 ton hydraulic forging

press using the 2,000 ton side cylinder and the parts are shown

L S R {1 Wt - DY 7, S PR 5 148 b

. in Figure 84along with the 6 3/4" rd. rolled stock. The forge
shop data sheet may be seen in Table XIX.

One of these forgings was subsequently run in the

v g

finish dies. The pieces were loaded in the R-S$ aluminum

furnace at 820°F for 4 hours minimum heating time. The first

piece, S/N 1, was then placed in the finish die. The dies

Vi R o I B § Sl

. were closed using a holding pressure of 4,000 tons. At this

e I 1o Ay

. point, the side cylinder was actuated and the piercing operation
began. When the punch had penetrated approximately 15.00" of the

barrel, the forging operation had to be stopped because of inter-

-

ference between the side cylinder ram and the press platten.

e . DT
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The piece was removed from the die and visual examination
revealed what appeared to be a "drive through" in the boss
located on the barrel. A dimensional check taken at the
unit also revealed that ‘he extruded bore was not concentric
with the barrel diameter and varied in concentricity by as
much as .50" T.I.R. The remaining 3 pieces were removed
from the heating furnace until these problems could be
resolved. S/N 1 was cleaned and was then sectioned as shown

in Figure 85. After machining, these sections were etched
in hot 10% NaOH to reveal the grain flow.

Examination of these grain flow slices revealed
that although there appeared to be deep laps on the surface,
these laps were in fact quite superficial. Although this
defect is not very serious from a manufacturing standpoint,
it is significant metallurgically.

A careful examination of these macro slices re-
vealed some rather unexpected results. It was originally
thought that there would probably be metal movement down
into the boss area as the piercing punch passed over it.
It was also believed that, should this occur, continued
movement of the punch beyond this boss would cause the
material displaced by the punch to shear through the boss
and separate it from the barrel.

However, contr .ry to our original belief, it
appears that the metal flowed into the boss area (as the

punch moved in beyond the boss cavityv) and then flowed out
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ot the opposite side of the boss toward the open end of the
barrel. The laps caused by this material flow appeared on
the surface to be very severe, but were in fact quite minimal
as can be seen in Figures 86 through 89. The flow of the
material into and out of the boss area does create another
rather undesirable effect in that it imparts a wave pattern
to the grain flow as it leaves the boss area, thus exposing
end grain on the I.D. of the barrel. A section taken through
the barrel 180° from the boss shows that the grain was not
affected in this area and reflects the type of grain flow
which cne expects from a piercing operation of this type.

Die changes were made to provide adequate head
clearance between the top press platten and the extrusion
ram to allow full ram extension. In addition, a plug was
machined (See Figure 99) which fits into the boss impression
plugging it flush with the barrel diameter. This allows the
extruded material to pass by this area without fear of flowing
metal down into the impression. Once the punch has passed this
area and established a new orifice, the extrusion operation was
stopped. At this point, the piece was wash heated. During the
wash heat cycle, the plug is removed from the impression, again
exposing the boss cavity. The piece was reloaded in the imbression
and the extrusion operation continued. Since a new orifice has
been established beyond the boss cavity, the extruded material
flows by the impression without flowing into it. At approxi-
mately 1.16" short of the full stroke, the material hits the
butt end of the punch upsetting the remaining material into the
boss cavity forming the finished part.
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SECOND FORGING RUN

Serial Nus. 2, 8 and 9, which were held out of
the first forging run because of punch interference between
the press platten and side cylinder, were subseguently used
ih the second forging run. S/N's 2 and 9 were forged using
a two step operation involving one wash heat. S/N 8 was back
extruded in one operation thus allowing material to flow into
the boss area in the same manner as S/N 1.

After examining a macro-etched section from S/N 1,
it was believed that perhaps insufficient material flowed
through the boss and this was why the shearing which did
occur was not extensive. S/N 3 was run to reproduce, if we
could, the same condition we created in S/N 1. We could, in
fact, by continuving the full stroke t< completion, magnify
this condition and visually display the worst condition that
this technigue would produce.

S/N B was gubsequently cut and macro sections were
cut through the boss area. Examination of these macros did
reveal the occurrence of severe shearing through the boss
area. This shearing, which is caused by material flowing

through the boss after it has been filled, can be graphically

seen in Figures 91, 92  ang 93.
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Examinatinn of the macro taken through the heaviest
section of the bhoss revealed the shear extending through
approximately 75% of the boss length with very severe flow
lines continuing beyond that point. The macro taken through
the narrower portion of the same boss shows this same sﬁear
extending almost through its entirs length.

S/N 9 was also cut in these same areas to examine
the metal flow which occurred in these same areas when using
the plug approach. This is a two step operation using one
wash heat, with the extrusion and upsetting being done at
separate times. 1In the first step, a plug is placed into
the boss impression plugging it flush with the barrel diameter.
This allowed the extruded material to pass this area without
material flow into the boss impression. Once the punch had
passed this area and established a new orifice, the‘extrusion
operation was stopped. The piece was then removed from the
die and wash heated. The plug was removed from the impression,
again exposing the boss cavity. The extrusion was then continued
allowing the material to flow back along the punch until at some
point, approximately 1.16" short of the full stroke, the material
hit the butt end of the punch upsetting the remaining material
into the boss cavity. Both S/N's 2 and 9 failed to yield a
good par: because they lacked the necessary volume required to

fill the part.




After cleaning these pieces, a close inspection

revealed the following:

1. By removing the plug too soon after a new

orifice is established, a peel down proublem

is created. §/N 2 vividly illustrates the

f.
3
4

. type of peel down which is experienced during

the second operation. Even though the plugging
has eliminated the flow of material down into

the boss cavity directly, enough material flows

T T O T N T P e I

by this area causing a fin to be created as the
E material flows over the radius at the back end

of the boss causing the peel down shown in

Figure 91.

2. The rapid flow of material up into the boss

rre

Et ' area causes the material to pull away from the

[FFRRPEIS

¢ punch initiating the beginning of a lap. S/N 9

Pl

was cut as shown in Figure 91 and photomacro-

graphs taken of these areas may be seen in

o i 1 g S g

Figures 94 and .95. It was not known at this
point to what extent or degree the forming of
3 this lap would extend in a fully formed part,

’ but it was suspected to bz quite severe.

The problems associated with this process were not
congidered insurmountable and in most cases a fix would be

easily initiated. 1In order to eliminate the peel down, it
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would seem that merely allowing the extrusion operation to
continue until its final length is attained before removing
the plug would remedy this problem. The lap, it was felt,
could pessibly be prevented by forming the boss in several
steps using plugs of various degrees of fill. Forge shop

data sheets of these pieces may be seen in Table XX.
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THIRD FORGING RUN

Four (4) pieces of stock were cut in preparation
for the third forging run. These pieces were cut to a new
cut length of 37.50" +'2§. This was approximately 2.50"

longer than the previously cut pieces and would satisfy
the volume requirements of the part. These pieces were
assigned S/N's 3, 4, 10 and 11. The pieces were then
conditioned and readied for the No. 1 upset.

The 4 pieces were run on the 7,700 ton hydraulic
forging press using the 2,000 ton side cylinder. The forge
shop data sheet may be seen in Table XXI. All 4 pieces were
subsequently cleaned up and readied for the back extrude and
upset operation.

S/N's 3, 4, 10 and 11 were loaded in the R-S aluminum
furnace at 820°F for 4 hours minimum heating time. The first
piece, S/N 4, was placed in the finish die and held with a
7,700 ton pressure. The back extrusion operation was begun
and the piece extruded until it had attained its desired
extruded length. At this point, the extrusion operation was
stopped and the punch withdrawal began. It was at this point
that the punch failure, which is shown in Figure 96 was
experienced. The forging was discontinued at this point and

the 3 remaining piecec removed from the furnace.
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The aluminum forging was bandsawed along the
barrel and the extrusion punch removed for examination.

A dimensional layout of the punch revealed a bow of .090"

e et omets -w,nmmwmmm

from a point at the butt =nd of the punch to a point at

the extreme nose of the punch in one plane only. This bow

was at 90° to the parting plane. It was this bend in the

punch which caused the failure during withdrawal. This bend

} § was caused by improper location of the guide ring during the

! % initial set up. It is believed that the guide ring was placed
too close to the die edge so that the unsupported portion of
the punch at the nose end was not concentric with the barrel
diameter. This lack of concentricity permitted the ounch to
start the extrusion at a slight incline t¢ the parting plane,

g As the extrusion stroke was continued, the guide ring forced
the back end of the punch to remain concentric with the barrel

diameter causing the punch to bend in the manner described.
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FOURTH FORGING RUN

Three (3) pieces of stock were readied for the
fourth forging run. They were S/N's 3, 10 and 1ll. all
pieces had been upset previously and were conditioned
properly for the back extrude and upset operation.

S/N 10 was selected to be the first piece forged.
Care was taken to properly locate the guide ring to eliminate
the possibility of damaging the punch as in S/N 4 of the pre-
vious run. A holding pressure of 7,700 tons was azplied and
the extrusion operation began. In order to provide the best
possibility of success, it was decided to use multiple pushes
with two interim steps béfore completing the back extrusion
operation. The punch was allowed to penetrate 2 5" depth
and then was withdrawn and reoiled. On the second pass, the
punch penetrated an additional 7" and again was withdrawn
and reoiled. On the third pass, the punch was permitted full
penetration. When punch withdrawal was started, the die stops
which hold the dies in a fixed position failed. Holding pressure
of 4,000 tons was exerted on the dies and withdrawal was again
attempted. The punch, rather than extracting itself from the
forging, zcaused the extrusion tco fail in much the same manner
as one pulls a tensile specimen. This failure may be seen in
Figure 97. Examination of the punch showed it to have upset
during the extrusion operation. A slice was taken of the punch
material and hardness checks taken. Readings of Rc28-30 were

recorded. Punch specification listed on the print reqguired that
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the punch material be 4340 material heat treated to Rc42-45.

attributed to insufficient

Punch failure was, therefore,

punch strength due to improper heat treatment.

Two new punches were designed to insure freedom

One punch would be used for the upset

from punch failure.

The extrusion punch was relieved a short distance

operation.

beycnd the nose to reduce the extrusion pressure reguired to

form the part. Material for the punch was H-1ll heat trrated

to Rc50-52. The second punch was to be used for the upset

ety

operation only with sufficient strength to prevent failure,
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'FIETH FORGING RUN

The program's remaining forging stock was cut and
serial numbers assigned. There was enough material remaining
in the program to yield 6 pieces at 38.00" long. These pieces
were assigned S/N's 5, 6, 7, 12, 13 and 14.

These pieces were properly chamfered, conditioned,
and subsequently formed in the No. 1 upset die. Aall pieces
forged very well, filling the impression nicely, and no
problems were encountered during this operation. Photograpns
and forge shop data sheets may be seen in Figures 298 & 39
and Table XXII.

S/N's 5, 6, 7, 12, 13 and 14 were subsequently back
extruded using the newly designed H-1ll punch and no problems
were encountered. These pieces were then reloaded for a wash
heat during which time the punch was changed for the upset
operation. Average pressure required for the back extrusion
operation was approximately 400 tons or a stem pressure of
62,000 psi. The forge shop data sheet may be seen in Table
XXIII1.

S/N's 5, 11, 13 and 14 were subsequently put through
the upset operation with reasonable success. Although none of
the pieces filled completely, it did demonstrate that the
approach was a practical forging technique. During this

forging operation a valving problem on the 7,700 ton press

was encountered. Due to leakage in the system, we could not
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N mainf&in Qdequate holding pressure on the die system causing
the dies to part during the upset operation. This permitted
metal to flow out as flash, starving the boss area of the

o necessary material required to fill the impression. These

pieces may be seen in Figures 100, 101,102 and 103. tThe

degree of underfill is shown graphically in the sketches
shown in Figures 104, 105 & 106. The forge shop data
sheet of these parts may be seen in Table XX1V.

In addition to this problem, an additional diffi-
! culty was encountered. During the upset operation, a thin
fin of metal was driven Letween the punch and the loose guide
ring. This fin is created when the material which is forced
1{ up against the guide ring is forced to reverse itself. At
! this point, it extrudes a fin between the punch and guide
; ring which all but welds the guide ring to the punch. On
iE { S/N's 5, 11 and 13 we were able to locsen the ring from the
: punch by pinching it in the die with some asbestos and with-
| drawing the punch with the dies under pressure. This scarred
’ the punch with each attempt to free it and eventually on S/N
14 siezed so tightly that it caused the punch to fail by
upsetting.

The guide ring was redesigned as a split ring so

that it could be separated after each upset operation
eliminating the stripping operation which caused the punch
failure., 1In addition, two guide rings of different lengths
were made to give some flexibility in controlling the length

of stroke necessary to form the boss.
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A concentricity check was maderof-S/N's-Z, 8 and
9 of the second forging run and S/N's 11, 13 and 14 of the
fifth forging run (see Figures 107 through 112). cCareful
study of these layouts indicate that the guide ring does
locate the punch fairly well initially. Comparing those
. pieces run in the second forging run with the pieces run
! in the fifth forging run, it becomes gquite evident that
the positioning of the guide ring is very important. 1In
those pieces (8/N's 2, 8 and 9) in which the guide ring
was placed some distance from the end of the forging, the
concentricity at point (2) is quite poor (as bad as .21 T.I.R.}.
Oon S/N's 11, 13 and 14, the pieces which had the guide ring
butted up against the forging prior to extrusion, the con-
centricity is considerably better, as little as .03 T.I.R.
However, at the end of the extrusion (Point 1) concentricity
is poor on all pieces. This problem is directly related to
s the mechanical condition of the press. There is enough play
in the press ram to permit the ram to sag slightly causing
the punch to slope when in position for extruding. This slope
is approximately 1/2 to 1°. The degree of eccentricity
caused by this angle does not pose a major problem from a
v forging envelope standpoint since there is adequate coverage
v to prctect the machined part. It is, however, instrumental in
“ creating tool problems and is possibly responsible for some of
our tool failures. For this reason, these tools were redesigned
to adapt to the 25,000 ton press. This unit is much more ridged

and will eliminate any concentricity problems.
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The final forging run of 5. pieces was made on the

35,000 ton press using the newly designed inserts, punch

holder and split guide ring designs. These S5 pieces were
processed through the No. 1 upset on the 7,700 ton forging

press and conditioned prior to the extrusion operation. The
pieces were loaded in the R-S aluminum furnace at 820°F for

4 hours minimum heating time. They were placed in the finish
dies which were closed using a holding pressure of 10,000 tons.
The side cylinder was then activated forming the extruded barrel
tube. During this operation the filler plug shown in Figure %V
was used to prevent the extruded material from flowing down into
the impression. At this point, the pieces were wash heated.
During this time the inser£ plug was removed from the die and
the larger of plugs shown in Figure 113 inserted preparing it
for the first upset operation. These pieces were then restruck
in the finish die partially forming the boss as shown in Figure
114. The forgings were subsequently conditioned and black etched
for the next forging operation.

Using the inserts and the split floating quide ring
shown in Figure 113 the pieces were restruck in two passes
using the inserts forming the part shown in Figure 115
Chronologically, the part is pressed using the larger of the
two inserts after which the piece is conditioned. The large
insert is removed using the tee handle shown in Figure 115
and replaced with the smaller of the two inserts and the piece

restruck. Again, the piece is wash heated. 1In the £final pass,
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the last insert is removed leaving the boss cavity unobstructed

allowing the boss to be completely filled forming the finished
part.

Care must be taken during each upset operation to be
sure that the impression is filled completelv before withdrawing
the punch. This irons ocut any lap which might be starting to
form under the boss at the bore diameter and prevents carrying
some of this lap into thc next operation, thereby compounding
the problem and causing laps similar to those shown in Figures
116 & ;117- If this precaution is observed, satisfactory fill

in of the central boss can be achieved.




HEAT TREATMENT

All of the forgings heat treated (Nos. 21, 24 & 30)
were machined on the outside of the barrel and in the hore to

the print dimensions.

‘ The forgings were loaded with the bore axis vertical.
The solution treatment and age were the same as in Phase I -
830°F for 12 hours followed by a rapid guench in 90°F water.
After a five day delay, the parts were aged at 240°F for 48

nours (51 hours in the furnace).




TENSILE TESTING

PHASE II

Forging S/N 21 was cut for tensile evaluation as
shown in Figure 118. All of the tests except for locations
29 and 30 were standard .250" diameter tests. Tests 29 and
30 had a standard test configuration with a .505" diameter.

All of the tests easily exceeded specification

- BT I SO T

minimums for 7079 T-6. The test results are listed in Table

Xw.
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Results of Tensi
Produced by the

TABLE XXV

le Tests from Phas
Back Extrusion Mat

are shown in Figure 127

e IT Forging $/N 21
hod - Test Locations

Test Yield Strength Ultimate Tensile Eldnqation
Location 0.2% Offset-KSI Strength - KST $ in 4D
1 67.2 77.9 11.0
2 66.2 76.4 10.5
3 66.0 76.5 9.5
4 68.0 78.4 10.0

69.4 79.2 10.0

6 €68.5 78.6 11.0
7 67.0 77.4 12.5
8 68.6 78.9 12.5
9 69.2 79.2 12.5
10 70.0 78.8 11,0
11 70.6 79.8 11.0
12 70.8 80.0 12.5
13 71.5 80.6 11.0
14 71.2 80.3 10.3
15 70.0 79.3 1.5
16 68.0 77.9 10.0
17 71.0 80.6 12.0
18 70.0 79.6 10.5
19 68.1 77.6 11.0
20 68.5 78.2 10.0

Py N




TABLE XXV (continued)

Test Yield Strength Ultimate Tensile Elongation
Location 0.2% Offmset=KSI Strength - KSI % in 4D
21 69.2 79.2 12.0
22 68.8 78.2 12.0
) 23 69.5 78.8 12.0
24 68.2 77.4 11.0
25 70.0 78.8 11.0
| 26 69.0 78.0 11.5
“ 27 70.0 78.2 10.0
28 70.6 79.0 10.5
29 67.0 77.0 7.0
30 66.7 76.0 7.0
iy 31 65.5 77.2 16.0
5 32 65.5 76.2 11.5
2 BN 33 65.0 74.2 14.5
E} 34 66.8 76.2 14.5
: 35 75.0 80.0 13.0
': 36 76.0 83.4 11.5
q ’ 37 75.0 82.4 12.0
! ' 38 77.4 84.7 12.0
l . 39 69.5 79.3 9.9
o R 40 66.0 77.6 12.5
41 67.0 78.0 11.5
42 65.0 76.5 10.6
52
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TABLE XXV

Test Yield Strength Ultimate Tensile
Location 0.2% Offgset-KSI Strength - KSI
43 64.5 75.7
44 66.5 75.0
45 69.5 79.0
46 70.0 79.8
47 74,9 82.4
48 72.2 B0.4
49 74.0 82.3
50 76.8 84.0
51 69.6 77.9
52 75.0 83.0
53 73.0 80.6
54 74.2 81.8
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Elongation
% in 4D

10.0
10.2
12.7
10.2
13.0
14.0
13.0
1.0
14.0
11.5
13.0
12.5
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- _PHASE II GRAIN FLOW EXAMINATION . .

Grain flow sections were cut from forging No. 33
by band sawing and were then prepared for examination by
machining and etching. See Figure 141 for method of
sectioning grain flows.

These sections are shown in Figures 119 through
139, Figure 140 is a composite grain flow on a plane per-
pendicular to the parting plane.

In the forging barrel sections on a plane per-
pendicular to the parting plane and parallel with the bore
axis, the grain had a relatively straight moderate longitudinal
flow. The several sections perpendicular to the bore axis
displayed an essertially equiaxed fine grained structure with
some slight indication of directionality in the circumferential
direction. There was some slight runout at the parting plane,
but its effect was confined to an area not more than 1/8" in
diameter at the flash line.

Certain forging defects were also readily visible.
The remnants of the forging lap and associated grain flow
disturbance were quite pronounced beneath the central boss
(See Figure 138). All of the lap would be removed by machining
to the finish bore dimension, but the grain flow disturbance

would remain. It is, however, debatable as to the effect of
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this grain flow disturbance on the part performance since

any stress corrosion cracking which might initiate at the
inner bore surface would have to cross a pronounced long-
itudinal grain to penetrate the cylinder wall.

Other grain flow defects were noted toward the
bottom of the bore near the limit of the punch penetration.
These defects occurred as a series of laps which are believed
to be associated with the repeated punch penetration necessary
to form the central boss in a stepwise fashion. Some of these
laps penetrated below the finish machine dimensions in most of
the parts produced. However, since they were nearly parallel
with the bore wall, the associated grain flow disturbance was

minimal,
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PHASE II - STRESS CORROSION TESTING

The testing of the Phase II forgings was carried
out using the same procedures as in Phase I, The test
locations and identifications were essentially the same as
those in Phase I. There were, nevertheless, some differences
in testing conditions. Figure 142 shows the locations of
the stress corrosion tests.

The test loads were increased by 15,000 psi in
the Phase II testing since there were no failures in any of
the tests at the minimum (15,000 psi) stress level in Phase I.
Thus, the Phase II tests were conducted at 30,000, 45,000 and
60,000 psi loads. In addition, the testing was carried out for
a period of 90 days instead of the 30 days which was used in
Phase I. Furthermore, a series of ring tests were taken with
the O.D. in tension (Tests 60R - 68R).

The tests in Phase II were taken from two different
forgings. This was done for various reasons. Forging S/N 24
was from the same cast lot as the parts tested in Phase I.
However, it was not completely filled in the central boss
location, so that tests from this area could not be taken.

The forgings produced after S/N 24 were from another cast

lot, and as they were the only parts available with a central
boss which was properly filled, the stress corrosion testing
on this portion of the forging had to be performed on one of

these parts. S/N 30 was selected.
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To insure that the tests from forging #24 and
#30 could be compared directly, additﬁonal barfel ring
tests were tested from locations 27R - 36R in forging
#30. Table XXVI lists the stress corrosion test results
from these two forgings in identical test locations.

There does not appear to be any significant differences
between the two. The complete test results are listed in
Tables XXVII & XXVIII.

Of all the stress corrosion tests taken from
forgings 24 and 30 which were back extruded in Phase 1I,
only two tests failed in less than 90 days at a 30,000 psi
load. Both were ring tests - 3R (S/N 24) - which failed in
33 days and 24R (S/N 30) which failed in 44 days. Ring 3R
was located adjacent to the arms at one end of the forging.
Figure 143shows the grain flow at the fracture of this test.
Saows lack of circumferential flow in this area. The structure
is typical of conventional forgings.

Test location #24 is directly below the central
boss. Figure 144 shows the grain structure at this location.
Flow goes up into boss in this location producing short trans-
verse test conditions on fracture plane.

Considering only the barrel ring tests with the
bore in tension, the stress corrosion test lives decreased
with increasing load. This is summarized below where the

percent of tests which failed in less than 20, 40, 60 and
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90 days are

Test Load

30 ksi
45 ksi
60 ksi

tabulated along with the test loads.

Cumulative % Failures

20 days 40 days 60 days 90 days
0 7% 7% 7%
0 10% 30% 40%
30% 70% 100% 100%
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TABLE XXVI

Comparison of Stress Corrosion Ring Life in Identical
Location from Forgings No, 24 & 30. Cast Lots D850 & A662:

Test Location Test Load S/N 24 S/N 30

27 30 KSI 0.K. 0.K.
28 45 KSI 40 0.K.
29 45 KSI 0. K. 0.K.
30 30 KSI 0.K. 0.K.
31 60 KSI 14 22
32 30 KSI 0.K. 0.K.
33 60 KSI 49 9
34 30 KSI 0.K. -
35 45 KSI 0.K. 63
36 60 KSI 8 21
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TABLE XXVIII

Stress Corrosion Results - S/N 30. Testing Procedure -

. Standard Alternate Immersion Test in 3.5% NaCl - 90 days (1)
Part II. C-Ring - I.D. Tension:
. Specimen Specimen Load (2) Failure Time
No. Type psi Days (3)
23R C-Ring 30,000 0.K.
24R " " 44
25R " " 0.K.
26R " " "
27R " ' " "
28R " 45,000 "
1 . 29R " v "
U 30R " 30,000 "
) 31R " 60,000 22
h 32R " 30,000 0.K.
33R " 60,000 9
35R " 45,000 63
. 36R " 60,000 21
H R 44 Tensile Round 30,000 O.K.
. 45 " " " "
46 " " " "
¥
47 " " 45,000 70
48 " " " O.K.
49 " " " a4
60
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| ' TABLE XXVIII

|
! Test initiated February 3, 1969 and Terminated
|
[ May 5, 1969:
{

¢ (1) 90 day - 3.5% NaCl alternate immeraion (10 min,
wet/50 min. dry each hour). Solution temperature:
75°F. Relative humidity during drying: 408 t S&,
! Air temperature: 80FF. Specimens were prepared

f for testing by etching 30 seconds in 5% NaOH at

180°F, desmutted in 50% HNOs.

i (2) The deflection needed to stress the C-Rings was
)
- determined from earlier strain gage measurements.

j {Re: P.O. 22591, MCG 282 I.)

(3) Samples examined daily at 10X and removed if one

. " or more cracks detected or if completely fractured.

0.K. - designates no failures in 90-day test.
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TABLE XXVII by R
' N
Stress Corrosion Results - S/N 24. Testipng Procedure - 3
Standard Alternate Immersion Test in 3 1/2% NaCl - : I
90 days (1) Part I: g
Specimen Load(Z) Failure(3) é %
Number Type (PSI) Time - days <
. - i
iR Ring - I.D. Tension 30,000 0.K. % E
2R " " u n O.K' 5 :
3R " 11 " " 33 3 ; .
LN
4R " " " n 0.K. § ;
5RB " " " 60,000 27 g :
6RA " " " 30,000 0.K. i
7RB " " " 45,000 0.K. % ’
' 8RD " " " 30,000 0.K. % ;
9RA " " " 45,000 0.K. ¢ -
. 10RC " " " 60,000 22 §
11RB " " . 30,000 0.K. ]
12RD " " " 45,000 0.K. %
13RA " * " 30,000 0.K. %
] 14RC . " " 45,000 0.K. 2
. 15RB " " " 60,000 22 &
< 16RD " " " 30,000 O.K.
. 17RA " " " 60,000 57
18RC " " " 45,000 41
19RB " “ " 60,000 41
20RD " " " 45,000 22
62
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TABLE XXVII e
) Specimen Loaa (2) Failure (3
Number Type (PSI) Time - days
21RA Ring - I.D. Tension 30,000 0.K.
' 22RC " o 60,000 22 e
27RB " " " 30,000 0.X. 5%
. 28RD " " " 45,000 40 :;j
29RA " " " 45,000 0.K. |
30RC " " " 30,000 0.K.
; 31RB LI . 60,000 14
32RD " " " 30,000 0.K.
33RA oo " 60,000 49
34RC " " " 30,000 0.K.
3I5RB " " " 45,000 0.K.
. 36RD " " " 60,000 8
37RA " " " 45,000 68
' 38RC " " " 60,000 10
60RD Ring - 0.D. Tension 30,000 0.K.
61RA " " " 45,000 6
62RB " " " 60,000 5
, 63RC " " " 45,000 23
. 64RD " " " 30,000 0.K.
65RA " " " 60,000 5
66RD " " " 30,000 33
63 . J]

- 3



Specimen
Numbezr

6 7RA
68RB
40
41
42
43

TZEQ

Ring - 0.D. Tension

" " L]

Tensile Round
" (1]

64

Load (2)

(PSI)

45,000
60,000
30,000
30,000
30,600
36,000

T
B e O i e S g
TABLE XXVII

Failure (3)
Time - days

14

2
O.K.
0.K.
O.K,
O.K.
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TENSILE RESULTS

The tensilc properties of all of the forgings
produced exceeded AMS4138 specification minimums, The mean
and standard deviations were determined for several test
locations in the straight barrel section in the three major

test directions with the following results:

1. The longitudinal test direction means and standard
deviations were not significantly different for the

five different forging practices.

2. The mean long transv.rse test yield and ultimate
strengths were somewhat higher in the two extrusion
methods when compared with the other forging practices

and the elongations in the back extruded forging were

the highest of the group.

3. The same differences which were noted in the long

transverse test direction werec again noted for the

short transverse tests.
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COST COMPARISON

4 In order to determine the relative costs of the
various production methods, a cost per piece was developed
based upon the production of 100 parts. The cost of a
complete set of tnols was included for each method and
4 ¢ this cost was amcrtized over the 100 piece run.

Using this method of pricing, the following
relative costs were developed after assigning the con-

ventional forging practice a relative cost of 1.000.

Relative
Cost
METHOD A - Conventional Forging 1.00
, METHOD B ~ Regular Cogging .98
L METHOD C - Offset Cogging .97
METHOD D - Extrusion 2.21
: PHASE II - Back Extrusion .82

Methods A, B3 & C are guite close in costs with
"A" being somewhat more expensive because of the two up-
setting operations. Method “D" is much more expensive

for three major reasons - (1) The tooling was larger and

more expensive (2) The part had to be forged on a larger

press and (3) Intricate machining necr s;sary over almost !
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the entire outer surface of the forging. The latter was

responsible for over 85% of the cost diffsrence.
The back extrusion method proved to be the least

expensive operation primarily because of the lower stock

input weight.




DISCUSSION

Stress Corrosion Results
The stress corrosion test results from forging
24 revealed little influence from the parting line. This

is as expected since the barrel was formed by back extrusion

and the only flash present was formed when the dies separated
slightly during the extrusion operation.

In the barrel section of the forging, the Phase II
(back extrusion) test results were generally either equal
to or superior to those of the forgings produced by con-
ventional, regular cog or offset cogging practices. This
is beiieved to be due to the finer grain size and the slight
circumferential grain flow of the back extruded part. The

‘ forward extruded part had stress corrosion properties which

' were equal to or somewhat better than those of the back
extruded part. This is likely the result of a more pro-
nounced circumferential grain flow in the forward extrusion.
This in turn may be due, at least in part, to the larger
punch (4.50" in the forward extrusion - 4.00" in the back

. extrusion) and thinner barrel wall in the forward extrusion.
This difference in stress corrosion resistance was
also reflected in the stress corrosion tests in which the
outside of the barrel was placed in tension . The forward

extrusion again was superior.
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Thus, the results of this testing indicate a

definite improvement in resistance to stress corrosion
cracking when a tubular forging barrel was formed by an
extrusion process as opposed to conventional forging

practices which produced a solid barrel section.

Design Considerations

Work completed in Phase I of this program has

b

shown a definite superiority of the extrusion method
over the other three forging practices examined in
resistance to stress corrosion cracking. However, the
extrusion method employed reguired extensive machining
of the finish forging which made this method more ex-
pensive, time consuming, and wasteful of material.

Because of this, the work in Phase II was carried
out on a modified extrusion method which was expected to
produce parts requiring very little machining and yet re-
taining the improvement in stress corrosion resistance noted
in the extruded parts made in Phase I.

Although we were able to manufacture several parts
using the back extrusion method developed in Phase II, there

still exists several mechanical problems associated with

this technique. The punch ratio which we were committed
to use because of the part geometry was 1ll.3 diameters.

This is considerably more than the recommended 6.5 diameters

suggested in most design manuals. This was responsible, at
least in part, for most of the punch failures which we

experienced. This problem has been overcome to some degree
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by using higher strength punch materials and by redesigning
usin§ two punches and a loose guide ring. In addition to
these changes, the dies were modified to enable us to move
the job to the 35,000 ton press. This increased the rigidity
of the die system in addition to correcting the alignment
problem we experienced in the 7,700 ton press. By using

two punches, one for the back extrusion operation with a
relief behind the punch nose, and one tapered punch for

the upset operation, we were able to reduce the required
extrusion pressure and extend the punch life during the
extrusion and upset operations. We reduced further the
possibility of tool failure by designing the loose guide
ring which can hreak away from the punch in the event a

fin should be formed beﬁween the punch and the loose guide
ring. This finning had been responsible for a punch failure
in an earlier rur. When considering this forging technigue
for future applications, the punch diameter to length ratio
should be kept within the acceptable limits recommended.

On several pieces, peel down was observed at the
bottom of the bore. This peel down results as the bore
diameter is reduced in diameter as hold down pressure is
applied prior to the upset stroke. As the punch enters
the bore for the upset operation, the punch now being
slightly larger than the bore, it rolls a small amount
of material down the bore in front of the punch depositing

at the end of the bore. By the time the third upset is
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completed, the accumulation of this material is quite
significant and creates a very sévere defect in that
area. In most cases, this defect is machined out in
the subsaquent heat treat machining operation; however,
in some cases its severity is too great to be cleaned
out completely. This can be corrected in several ways
by either using multiple punches of descending sizes or

by increasing the taper on the punch or perhaps by in-
serting the punch just short of full penetration prior

to applying the hold down pressure,

The lap which occurred at the bore directly below
boss is formed during the upset operation. This was the
result of an undesirable relationship between the extruded
wall thickness and width of the cavity opening. 1In this
particular case the ratio 2.72 : 1 was used. This is much
higher than the 1 : 1 ratio recommended. A series of inserts
used in multiple passes were used to overcome this defect.
This corrective measure permitted us to eliminate in most
cases this defect or to minimize it sufficiently, so that
it was removed by subsequent machining.

Although there are certain design problems associated
with this forging technique, these problems are minimal and
should not prevent this technique from being applied to
other applications. Landing gear parts whose parameters
will permit the use of this technique should be made using
this approach. Stress corrosion properties from parts made
in this manner could be expected to be superior to those made

using conventional forging practices.
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TABLE I

FORGE SHOP DATA SHEET FOR _METHOD "A'.

NUMBER I UPSET OPERATION.

Furnace Temperature : 750°F

- Lubrication: White and Bagley forging compound

524 39.20 — =t

Serial 39.20 5.24
5.24 14.50
5. 40.07 528 528 14.50
6. 40.48 5.26 5.30 14.50
7, 29.0 5.26 5.26 ~ 14.50
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TABLE

1T

FORGE_SHOP DATA SHEET FOR METHOD "a"

NUMBER 2 UPSET OPERATION.

Furnace Temperature: 750°F

Lubrication ; White and Bagley forging compound

-]

3770

-

N

7750

Serial

Number 3770
5. 3782
6. 37.70

7. 3775

v -

19.50

19.50

19.50

i9.50

l.

600

6.12

6.08

7.82

8.00

4.25

4.25



TABLE oI
FORGE SHOP DATA SHEET FOR METHOD A" %
ELATTENING QPERATION.
* Furnace Temperature: 820°F ;
3
q
. Lubrication: None
am 42.00 -
—————2000 —*1+800 ~ 462 i
:f\c ..
A - %’oo .| 600 Q 0 i
pondly 4200 2000 800 462 500 €00 500
5 422 2000 775 462 500 600 500
. 6. 4200 2000 800 475 500 604 495
7 4225 2000 800 450 506 600 502
h 74
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TABLE IV §
ROLLING __OPERATION, :
Furnace Temperature: 750°F,
Lubrication: White ond Bagley forging compound
(swabbed on dies only).
6.50 Y
6.750 — 95'1 -~ }~1.50 1:2:2-;
- l - + 4 -
' 462"
)-—2290" >+ 9.00" —*
«———— 4690" —
Sernial
Number 675 6.50 425 462 19.00 4690 150
& 680 6.42 425 6.00 20.50 4750 225
' 9 680 642 425 5.60 21.30 4740 2.25
0. 6.80 6.492 425 590 20.60 4750 2.2
i, 680 642 425 590 20.50 4750 2.2
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TABLE X

PE3Y S —, "

FORGE SHOP DATA SHEET FOR METHOD 'BY
K NUMBER 3 UPSET OPERATION,
Furnace Temperature. 750 °F.
Lubrication: White ond Bagley forging compound.
0" e 42.50" >
g' 14.40° & FT—-———
600 .

Serial
Number 42.50 600 . 600 1440

’ 8. 42.50 6.02 6.06 14.16

‘ a 42.50 6.00 6.04 14.25
0 4250 600 6.00 1425

1. 42.50 600 6.04 14.40
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TABLE X
FORGE __SHOP DATA SHEET FOR _METHOD “cC"
‘ OLLING _ OPERATION.
. Furnace  Temperature. 750°F,
: Lubrication : White and Bagley fofging compound
t _ (swabbed on dies only).
| ;
' —]4.38" —*
, )ty
_ 6750 g 6.500 4250
] R .
-4.62
pe———19,00" ——
: B 48.20" —
‘
| Serial
Number 425 14.38 46 19.00 4820
1 2. 42 5. 50 768 2300 52.50
’ 13, 3.95 14.38 520 1958 49.20
14 4.25 15.58 562 21.50 48.95
15, 43l 1463 6.12 20.50 486.20
8l
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|
TABLE XI .
ATA_SHEET FOR_METHOD “C" X
‘ i
NUMBER 3 UPSET _ OPERATION. .
i
Furnace Temperature: 750°F ., ’
Lubrication: White and Bagley forging compound. g
l-——]-aoo" fo— 42.50" — i
14 40“ i
+ - - - :
” E
| :
§
Serial
Numbor 42.50 6.00 6.00 14.40 g
2. 4700 6.00 6.02 14.12 |
3
/3. 4600 600 602 1425
7 44.50 596 596 14.40 ? ,
15, 4400 600 600 1440 |

NOTE. Excessive material removed from 4.25 diameter
prior to finish forging.
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TABLE ZXII
DATA SHEET FOR

‘ | EXTRUDE __ OPERATION .

' . Furnace  Temperature: 820°F.

Lubrication:

White and Bagley forging compound.

ME LS Y

-~——q2.75"

4 S | o.%o ¢

| TN

~450¢

Serial
. Number

. /6.

q2.75

10.52 40.00

7 10.50 42.75

8 10.53 42.80

/8. 43.00

052

83

Weight
290.5*
298.0%
302.5
303.5%
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FORGE SHOP DATA SHEET

NUMBER | UPSET OPERATION

FURNACE TEMPERATURE: 750°F

LUBRICATION: White and Bagley forging compound

TABLE XIX

14.40 &
-+ - -
H 6nw
Serial
Number 30.57 6.00 6.00 14.40 .75
1 31.00 5.95 5.95 13.78 8.70
2 30.38 6.00 6.00 14.38 6.74
8 30.50 6.00 6.00 14.20 .76
9 31.12 6.09 6.10 14.15 6.82
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TABLE XXI

FORGE SHOP DATA SHEET

NUMBER 1 UPSET OPERATION

FURNACE TEMPERATURE: 750°F

LUBRICATION: White & Bagley Forging Compound
DIE TEMPERATURE: &00°F Top and Bottom

33.00

i
Serial
Number, 33.00 £:0 14.40 73
*3 35.50 5.95 12.78 6.70
4 33.00 6.10 14.40 6.76
10 33.38 6.00 14.38 6.74
N 33.50 6.00 14.40 6.75 ;\

*Pisce number 3 shifted in die (grippers failed). Upset stroke only partially completed,
vnable to restrike.




TABLE XxXII
FORGE SHOP DATA SHEET
NUMBER | UPSET OPERATION
FURNACE TEMPERATURE: 750°F
LUBRICATION: White & Bagley Forging Compound
DIE TEMPERATURE: 800°F Top and Bottom

- 33.00 -
| |
14.40 | }
— 4 - -
6.75
t |
’ l.__,l_ 6.00
Serial
' Number 33.00 6.00 14.40 6.75
5 32,50 6.00 14.40 6.73
6 33.38 _ 6.00 13.38 6.75
\ 7 33.25 4,10 14.40 6.76
. 12 33.50 6.09 13.37 6.74
. 13 33.25 6.00 13.39 6.75
g 14 33.38 6.13 14.40 6.75
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Keller Seg-up for tethod "D" Machining
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Method A !n&won B . Method C

Conventional Practice Y Reguwlar Cog Offset Cos

Figure 70. This enlarged wgnoﬂ.kugrnv of cross sections G13 shows the severity of flashline flow in for

produced by .«rﬂaogoﬂnﬂ,« forging practices,




|S.O-’I!9

- fifi
i

.1 . fr
B

!

£33 CORMOSION TEST

STR

’ -
Wil
I

wus
Teaie
o e

o -

RISH

pevy—r——y—3

-Goroox Co.
WORCEITER, MASY

WYMAN

FIGURDS 71



RIS} A N e

RO

uy 3sdL BuTy

e pen s Y™ : EZ A

O RR g

12131eg buibiog
UOTSOITIO) SES8IYS JO UOTFeD0TT [edTdAL - Z. TIN9Ild

0K 29

oarze

°ig 00'S

O 209

T ™ EORAR e AP

168




S ‘buyx oy3 3O 9pTS SYy3 uo syxem yound
Y3 WOXJ PIINSERSW UOTIDITI3P “sSA Futod STU3 3P UTRIX}S IYF DUTWIOISP 03
butx 3823 9y3 JO IIJUID OPTSUT dY3 03 pPaJuswWsSO sem abeb utrexas TTOI ¥ - €L JUNOIJ




. I " . b A A T ey P R TRt LTI B Ft
B I L T B R s IR K '

? . -5T%ONquIn} oS35 SSOTUTE}S B JO Sueaw Kg uvswtoads burpeo] 3o poyis| - vL ZUNOIJ

EEE 0 v 20 e Sy

170

B o 2 i




_ caanjixTw auarAyzalrod 07 urjjexaed e YiTa ps3jeod ST
L w awe1y Iy} ‘Hbuyssails I93JY *UMOYUS oI SPUNOI STTSUS] UOTSOIIOD SSIXIS
. w oyl pue swel3y HuyssaIls -owerj ISSL I PUNOY STTSUIL UOTBOIXOD SSIIIS - ¢/ TYNOIJ

-

e D bbb

1
R

b e (s A S B b . e A A B < i

171




Figure T76.

Section t eracked ring.
face i8 on the Lefw.

Showing Start of Stress Corrocion Crack st the Bore Surface.
Etchant - Modified Keller'ec 100X

Strecs Corrosion Specimen RC3O Which Mliled in 26 Days
at 45 KSI.
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Method C Test Ren 12 Days at 3C i8I. 7 7. : vﬁethéd D Test Ran 30 Days Without
LN pedlure st 30 KSI.

Figure T$. Stress corrosion ring tests from the 26R location of the four differcnt
manufacturing methrods. The plane in the pictire is perpendiculer to
the longitudinal axis of the forging. The right hond edge of each rhoto-
graph 1o the inserior bore surfece. ALl were etched in Modified Keller's
wnd rhotcegraphel ot 100X,
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